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(54) Printer and print head capable of printing in a plurality of dynamic ranges of ink droplet 
volumes and method of assembling same 



(57) Printer and print head capable of printing in a 
plurality of dynamic ranges of ink droplet volumes, and 
method of assembling same. A plurality of first nozzles 
(320) are connected to a print head body (27), each first 
nozzle having a first orifice (320) of a first size for eject- 
ing an ink droplet having a first volume. The ink droplet 
volume is selected from a first dynamic range of vol- 
umes uniquely associated with each first nozzle. A plu- 
rality of second nozzles (340) are also connected to the 
print head body, each second nozzle having a second 
orifice (350) of a second size larger than the first size of 



the first nozzles for ejecting an ink droplet therethrough 
having a second volume larger than the first volume. 
The second volume is selected from a second dynamic 
range of volumes, which second dynamic range of vol- 
umes may be greater than the first dynamte range of 
volumes. In this manner, the printer and associated print 
head body are capable of printing in a plurality of 
dynamic ranges of volumes, so that a single printer can 
print either at low density levels or at high density levels 
with a minimum number of nozzles. 
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(54) Printer and print head capable of printing In a plurality of dynamic ranges of ink droplet 
volumes and method of assembling same 



(57) Printer and print head capable of printing in a 
plurality of dynamic ranges of ink droplet volumes, and 
method of assembling same. A plurality of first nozzles 
(320) are connected to a print head body (27), each first 
nozzle having a first orif k:e (320) of a first size for eject- 
ing an ink droplet having a first volume. The ink droplet 
volume is selected from a first dynamic range of vol- 
umes uniquely associated witfi each first nozzle. A plu- 
rality of second nozzles (340) are also connected to the 
print head body, each second nozzle having a second 
orifice (350) of a second size larger than the first size of 




the first nozzles for Meeting an ink droplet therethrough 
having a second volume larger than the first volume. 
The second volume is selected from a second dynamic 
range of volumes, which secorKi dynamic range of vol- 
umes may be greater than the first dynamic range of 
volumes. In this manner, the printer and associated print 
head body are capatile of printing in a plurality of 
dynamic ranges of volumes, so that a single printer can 
print either at low density levels or at high density levels 
with a minimum number of nozzles. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention generally relates to print- 
ing apparatus and methods and more particularly 
relates to a printer and print head capable of printing in 
a plurality of dynamic ranges of ink droplet volumes, and 
method of assembling same. 

[0002] An ink jet printer produces images on a 
receiver medium by ejecting ink droplets onto the 
receiver medium in an image-wise fashion. The advan- 
tages of non-impact, low-noise, low energy use, and low 
cost operation in addition to the capability of the printer 
to print on plain paper are largely responsit)le for the 
wide acceptance of Inkjet printers in the marketplace. 
[0003] Thus. Ink jet printers are used in a variety of 
applications. For example, an ink jet printer may be 
required to print an image having a single density level 
at 180 dpi @ots Qjsr inch) for outdoor signage. This den- 
sity level for outdoor signage is aesthetically acceptable 
because such images are typically viewed from a rela- 
tively long distance (for example, 30 feet or 9.14 meters) 
away from the image. Ink jet printers are also called 
upon to print relatively high quality images having 16 
density levels at 1 440 dpi, such as in the case of 8 by 1 0 
inch (20.32 by 25.4 cerrtimeters) photographs. This den- 
sity level for photographs is aesthetically desirable 
because photographs are typically viewed from a rela- 
tively short distance (for emmple, 6 inches or 15.24 
centimeters) away from tiie ynewer, 
[0004] However, available ink jet printers are not capa- 
tHe of printing tx>th low density arKi high density ranges. 
The terminology "dynamic range** is commonly defined 
in the art to mean the range of ntinimum ink droplet vol- 
ume to the maximum ink droplet volume which is pro- 
vided by one ink nozzle. That is. each individual ink jet 
printer possesses a density range particularly suited for 
its intended use. For example, an Inkjet printer used for 
signage typically has a density range different from the 
density range of an Inkjet printer used for photographs. 
Cleariy, for purposes of economy, it is desirable to have 
the same ink jet printer print in both low density and high 
density ranges. 

[0005] Ink jet printers having continuous tone to high 
resolution printing performance are known. One such 
printer is disclosed in U.S. Patent 5,412.410 titied "ink 
Jet Printiiead For continuous Tone And Text Printing" 
issued May 2, 1995, in the name of Ivan Rezanka. The 
Rezanka device provides a thermal ink jet print head 
bofli for continuous tone printing and high resolution 
printing by controlling the area covered by the ink at 
each pixel location of the printed image. The print head 
includes at least two different groups of differentiy sized 
nozzles from which ink droplets of different ink volumes 
are selectively ejected. Thus, according to the Rezanka 
patent, nozzles of one group, or bdth groups, may be 
selectively used to print contiruious tone and/or high 



resolution text 

[0006] However, certain printing applications require a 
range of 16 to 256 different ink droplet volumes and it 
does not appear that the Rezanka device is capable of 

5 ejecting 1 6 to 256 different ink droplet volumes in a suit- 
able manner. That is. it appears that the Rezanka 
device requires 16 to 256 nozzle groups to print 16 to 
256 ink droplet volumes for a pixel in an image. Manu- 
facturing such a great number of nozzles increases 

10 manufacturing and assembly costs of the printer and 
associated print head. Also, the Rezanka device 
appears to pernrtit only a relatively small number of noz- 
zles of a given nozzle diameter within each nozzle 
group. That is, it appears from the Rezanka disclosure 

IS that If a total of 256 nozzles having 256 nozzle sizes are 
present in a print head, there is only one nozzle for each 
nozzle diameter. 

[0007] Moreover, it is known that the nozzle diameter 
may only be varied in a limited range to permit effective 

20 ink droplet ejection. In this regard, if the nozzle diameter 
is tool large, ink tends to in advertentiy seep-out the 
nozzle. On the other hand, if the nozzle diameter is too 
small, viscosity forces acting at the nozzle wall will be 
too high for ink ejection. This limitation in variation of 

2s nozzle diameter further reduces the range of ink drop 
volumes that can be provided by prior art devices, such 
as the Rezanka device. Therefore, a prok)lem in the art 
is limited range of ink drop volumes produced t>y Inkjet 
printers. 

so [0008] Therefore, an object of the present invention is 
to provide a printer and print head capable of printing in 
a plurality of dynamic ranges of ink droplet volumes, so 
that the number of ink ejection nozzles are minimized, 
and metiiod of assembling the printer and print head. 

35 

SUMMARY OF THE INVENTION 

[0009] With this object in view, the present invention 
resides in a printer, comprising a print head body; a first 

40 nozzle connected to said print head body, said first noz- 
zle having a first nozzle orifice of a first size for ejecting 
fluid theretiirough having a first volume selected from a 
first dynanruc range of volumes associated with said first 
nozzle; and a second nozzle connected to said print 

45 head body, said second nozzle having a second nozzle 
orifice of a second size different from the first size of the 
first orifice for ejecting fluid therethrough having a sec- 
ond volume different from the first volume, the second 
volume being selected from a second dynamic range of 

50 volumes associated with said second nozzle, tiie sec- 
ond dynamic range of volumes k>eing sut)stantia!ly dif- 
ferent from the first dynamic range of volumes. 
[001 0] In one embodiment of the invention, a plurality 
of first rK>zzles are connected to a print head body, each 

55 first rx>zzle having a first orifice of a first size for ejecting 
an ink droplet having a first volume. The ink droplet vol- 
ume is selected from a first dynamic range of volumes. 
The terminology "dynamic range" is defined herein to 
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mean the range of minimum ink droplet volume to the 
masdmum Ink droplet volume which is provided by one 
ink nozzle. The first dynamic range of volumes is 
uniquely associated with each first nozzle. A plurality of 
second nozzles are also connects to the print head 
body, each second nozzle having a second orifice of a 

« second size larger than the first size of the first nozzles 

for ejecting an ink droplet therethrough having a second 
volume larger than the first voluma The second volume 

• is selected from a second dynamic range of volumes. 

The second dynamic range of volumes is uniquely 
associated with each second nozzle. Morraver. the sec- 
ond dynamic range of volumes is substantially different 
from the first dynamic range of volumes. For example, 
the second dynamic range of volumes nniy be greater 
than the first dynamic range of volumes. 
[0011] In addition, the first nozzles are arranged to 
define a first nozzle row and the second nozzles are 
arranged to define a second nozzle row atiyacent the 
first nozzle row, so that the first nozzles defining the first 
row are co-linearly aligned with respective ones of the 
second nozzles defining the second row. Alternativety, 
the first nozzles can be arranged to define the first noz- 
zle row and the second nozzles can be arranged to 
define the second nozzle row adjacmt the first nozzle 
row, such tf^t the first nozzles defining the first row are 
off-set relative to respective ones of the second nozzles 
defining the second row. 

[0012] A feature of the present invention is the provi- 
sion of a nozzle plate oomprisirtg nozzles having nozzle 
orifices arranged in rows according to orifcce size, so 
that orifices of the same size are assigned to the same 
row of orifices. 

[001 3] Another f rature of the present invention is the 
provision of a nozzle plate, wherein one nozzle orifice 
from each row of rtozzles define a pixel group, ttie noz- 
zle orifices defining the pixel group are adjacent to each 
other. 

[0014] An advantage of the pr^ent invention is that 
dynamic range in ink droplet volume provided by each 
pixel group is significantly larger than what is provided 
by prior art thermal ink jet printers. 
[001 5] Another advantage of the present invention is 
that when a relatively wkie density range is required, 
enatdement of all nozzle in a pixd group can provkJe a 
maximum dynamic rsmge in ink droplet volume. 
[001 6] Yet another advantage of the present invention 
is that a first nozzle row artd a seoortd nozzle row can 
each provide 4 bits of volume variation with respect to 
^ ink droplet volume, so ttat 8 bits of volume variation 

obtained wh^ t>oth the first and second nozzle are 
used in oontiMration. 

[001 7] Still another advantage of the present inv&ition 
is tfiat the printer is capat^le of printing inng^ at high 
^eed and low resolution in a single bit density variation 
(that is. halftone iirages) which is suitable for signs 
viewed from a retertively lor^ distance. In sufcfition, the 
same printer can also print in multi-bit density levels at 
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high resolution, wfiich is suitak)le for viewing photo- 
graphic quality images. 

[0018] These and other objects, features and advan- 
tages of the present Invention will become apparent to 
5 those skilled in the art upon a reading of the following 
detailed description when taken in conjunction with the 
drawings wherein there is shown and described illustra- 
tive emt>odiments of the invention. 

10 BRIEF DESCRIFnON OF TME DRAWINGS 

[0019] While the specif icatton concludes with claims 
particulariy pointing-out and distinctly claiming the sut>- 
ject matter of the present invention, it is believed the 
IS invention will be better understood from the following 
description when taken in conjunction with the accom- 
panying drawings wheren: 

Rgure 1 is a schematic of a printer belonging to the 
20 present invention, the printer including a print head; 
Figure 1 A is a magnified view of the print head; 
Rgure 2 is a fragm en t a tion view in perspective of 
an irtdividijat ink channel betonging to the print 
head; 

2S Rgure 3 is a fragmentation view in perspective of a 
print head body having a plurality of the ink chan- 
nels and cut-outs t>etween ink channels; 
Rgure 4A is a graph illustrating an electrical pulse 
burst comprising a plurality of voHage pulses as a 

30 functton of time, the voltage pulses having identical 
voltage amplitude ar^ period; 
Rgure 4B is a graph illustrating an electrical pulse 
t>urst comprising a plurality of voltage pulses as a 
function of time, tiie voltage putees having voltage 

35 amplitude and period different for each pulse; 

Rgure 4C is a grae:^ illustrating an ^ectrical pulse 
tsurst comprising a plurality of voltage pulses as a 
functk>n of time, the voltage pulses having different 
voHage amplitude for each half p^od; 

40 Rgure 4D is a graph illustrating three electrical 
pulse txjrsts as a function of time, each pulse burst 
comprising a single pulse and tiie voltage pulses 
toeing separated by a time delay; 
Rgure 4E is a graph illustratir^ two electrical pulse 

45 tjursts as a function of time, each pulse tnirst com- 
prising a plurality of voltage puls^ wherein numba' 
of pulses in each pulse burst is different; 
Rgure 5 is a view in elevation of a nozzle plate 
t>elonging to a first emt^dim^ of the invention; 

so Rgure 6 is a view taken along section line 6-6 of 
Rgure 5; 

Rgure 7 is a view in elevation of a nozzle plate 
t>elonging to a second embocGment of the inv&ition; 
and 

55 Rgure 8 ^ a view in elevation of a nozzle plate 
k)8longing to a third embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or described may take various forms well 
known to those skilled in the art. 
[0021] Therefore, referring to Figs. 1 and 1 A, there is 
shown a printer, generally referred to as 10, capable of 
prirrting in a plurality of dynamic ranges of ink droplet 
volume. In this regard, printer 10 is capable of ejecting 
an ink droplet 20 (see Fig. 5} from a print head 25 
toward a receiver 30 in order to form an image 35 on 
receiver 30. Receiver 30 may bQ a reflective-type (for 
example, paper) or transmissive-type (for example, 
transparency) receiver. Print head 25 includes a gener- 
ally cuboid-shaped preferably one-piece print head 
body 27 (see Fig. 2). as disclosed more fully hereinbe- 
low. As used herein, the terminotogy "dynamic range" 
means the range of minimum ink droplet volume to the 
maximum ink droplet volume which is provided by one 
ink nozzle. 

[0022] As shown in Figs. 1 and 1A, printer 10 com- 
prises an image source 40, wtvch may be raster image 
data from a scanner or computer, or outline image data 
in the form of a PDL (Page Description Language) or 
other form of digital image representation. This image 
data is transmitted Id an image processor 50 connected 
to image source 40. In this regard, image processor 50 
converts the image data to a pixel-mapped page image. 
Image processor 50 may be a raster image processor in 
the case of PDL image data to be convened, or a pixel 
image processor in the case of raster image data to be 
convened. In any case, image processor 50 transmits 
continuous tone data to a digital halftoning unit 60 con- 
nected to image processor 50. Halftoning unit 60 half- 
tones the continuous tone data produced by image 
processor 50 and produces hatftoned bitmap image 
data that is stored in an image memory 70. which may 
be a full -page memory or a band memory depending on 
the configuration of printer 10. A pulse generator 80 
connected to image memory 70 reads data from image 
memory 70 arxj applies time and amplitude varying volt- 
age pulses to an electrical actuator 90 (see Fig. 2), for 
reasons described more fully hereinbelow. 
[0023] Refenring again to Figs. 1 and 1 A, receiver 30 
is moved relative to print head 25 by means of a trans- 
port mechanism 100, which Is etectronicatly controlled 
by a transport control system 110. Transport control 
system 1 10 in tum is controlled by a suitable controller 
120. It may be appreciated that different mechanical 
configurations for transport control system 110 are pos- 
sible. For example, in the case of pagewidth print heads, 
it is convenient to nrave receiver 30 past a stationary 
print head 25. On the other hand, in the case of scan- 
ning-type print systems, it is more convenient to move 
print head 25 along one axis (that is, a sut>-scanning 



i8924A2 6 

direction) and receiver 30 along an orthogonal axis (that 
is, a main scanning direction), in a relative raster 
motion. In addition, controller 120 may be connected to 
€ui ink pressure regulator 130 for controlling regulator 

5 130. Regulator 130. if present, is connected to an ink 
reservoir 140, such as by means of a first conduit 135, 
for regulating pressure in ink reservoir 140. Ink reservoir 
140 is connected, such as by means of a second con- 
duit 150. to print head 25 for supplying ink to print head 

10 25. 

[0024] Referring to Figs. 2 and 3, print head 25 com- 
prises the previously mentioned generally cutx)id- 
shaped preferably one-piece print head body 27 formed 
of a piezoelectric material. The piezoelectric material, 

75 such as lead zirconium titanate (PZT). is responsive to 
electrical stimuli. In the preferred embodiment of the 
invention, piezoelectric print head body 27 is "poled" 
generally in the direction of an arrow 160. Of course, the 
poling direction may be oriented in other directions, if 

20 desired, such as in a direction perpendfoular to the pol- 
ing direction shown by arrow 160. 
[0025] Still referring to Figs. 2 and 3. cut into print 
head body 27 are a plurality of elongate ink channels 
1 70. Each of tiie channels 1 70 has a channel outiet 1 75 

25 at an end 176 thereof and an open side 177. Ink chan- 
nels 170 are covered at outlets 175 by a first emtxxii- 
ment nozzle plate 178 (see Fig. 5) having a plurality of 
orifices 179 of predetermined diameter aligned with 
respective ones of channels 1 70, so that ink droplets 20 

30 are ejected from channels 170 and through tiieir 
respective orifices 179. With reference to Figs. 2 and 3, 
a rear cover plate (not shown) is also provided for cap- 
ping the rear of channels 175. In addition, a top cover 
plate (not shown) caps chambers 170 along open side 

35 177. During operation of printer 10, ink from reservoir 
140 is controllatrfy supplied to each channel 175 by 
means of second conduit 150. 

[0026] As best seen in Fig. 2, print head body 27 
includes a first side wall 180 and a second side wall 190 

40 defining channel 1 70 therebetween, which channel 170 
is adapted to receive liquid ink body 200 (see Fig. 6) 
therein. As shown in Fig. 2, first side wall 180 has an 
outside surface 203 and second side wall 190 has an 
outside surface 205. Print head body 27 also includes a 

45 base portion 210 interconnecting first side wall 180 and 
second side wall 190, so as to form a generally U- 
shaped structure comprising the piezoelectric material. 
Upper-most surfaces (as shown) of first side wall 180 
and second side wall 190 together define a top surface 

50 220 of print head body 27. A lower-most surface (as 
shown) of base portion 210 defines a bottom surface 
230 of print head body 27. An addressable electrode 
actuator layer 240 may extend from approximately half- 
way up outside surface 203 of first side wall 180. across 

55 bottom surface 230 to approximately half-way up out- 
side suriace 195. In this configuration of electrode actu- 
ator layer 240, an electrical fieM "E" (not shown) is 
established in a predetermined orientation with respect 
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to poling direction 160. as described in more detail 
hereinbelGw. Moreover, ^ectrode actuator layer 240 is 
connected to the previously mentioned pulse generator 
80. Pulse generator 80 supplies electrical drive signals 
to electrode actuator layer 240 via an electrical conduct- 
ir^ terminal 250 interconnecting pulse generator 80 and 
actuator layer 240. 

[0027] Referring yet again to Rg. 2, a common elec- 
trode layer 260 coats each channel 170 and ateo 
extends therefrom along tqs surface 220. Common 
electrode layer 260 is preferably connected to a ground 
electric potential, as at a point 270. ARematively. com- 
mon electrode layer 2S0 may be connected to pulse 
generator 80 for receiving ^ectrical drive signals there- 
from. However, it is preferable to maintain comnnon 
electrode lay^- 260 at ground potential because oonfi- 
mon electrode layer 260 is in contact with Itquid ink body 
200 in chann^ 170. That is, it is preferat>le to maintain 
conrvnon electrode layer 260 at ground potential in order 
to minimize electrolysis effects on common electrode 
layer 260 when in contact with Itquid ink body 200 in 
channel 170. which electrolysis may othenftrise act to 
degrade performance of comnnon electrode layer 260 
as well as the ink. 

[00S8] As best seen in Fig. 3, each fmr of "neighbor- 
ing" ink channels 170 is s^:»rat6d by a cut-out 280, 
which rrmy be fflled with air or a resilient elastomer (not 
shown), for reducing mechanical '*cross-taIk" between 
channels 170. Such cross-talk between the channels 
170 would othen^'se interfere with precise ejection of 
ink droplets 20 from channels 170. Each cut-out 280 is 
defined between respective pairs of skJe walls 1^/190. 
so that channels 170 are m^anically decoupled by 
presence of cut-outs 280. It should be apf^etti from tiie 
desaiption herein that the termindogy "neightx)rir^" 
ink channels means ink ctennels 170 that would other- 
wise be adjacent but for intervening cut-out 280. 
[0029] Referring to Figs. 1 . 1 A. 2. 3. 4. 4A. 4B, 4C. 4D 
and 4E, pulse generator 80 generates an electrical drive 
signal comprising an dectrical pulse burst 2S0 which is 
suppli^ to electrode actuator layer 240 by means of 
electrical conducting terminal 250. Pulse burst 280. 
which may conrtprise a plurality of sinusoidal pulses 295, 
has a predetermined peak voltage ampritude Vp (eitiier 
positive or negative) artd a period T^. Print head body 
27, which is re^x>nsive to the electri<^ stimuli supplied 
to electrode actuator layer 240 by generator 80 deforms 
when pulse burst 280 is applied, so that first side wall 
180 and seoond side wall ISO simultaneously inwardly 
move toward each other. Moreover, base portion 210 
will likewise inwardly move, as the electrical stimuli is 
supplied to actuator 240. That is, first side wall 1 80. s^- 
ortd side wall 180 and k^ase portion 210 move due to the 
inherent nature of piezoelectric nr^eria^ such as the 
piezoelectric rroterial forming print head body 27. In this 
re^ud. it 'ts known that when an electrical signal is 
appOed to a piezoelectric n^erial. mechanical distor- 
tion occurs in tiie piezoelectric n^erial. The mechani- 



cal (fistortion is d^endent on the poling direction and 
the direction of the applied electrical fieki "E" (not 
shown). Thus, according to tfie present invention, the 
previously mentioned electric field "E" is established 

5 between electrode actuator layer 240 artd common 
electrode layer 260 and is in a direction generally paral- 
lel to poling direction 160 near base portion 210 in order 
to cause base portion 210 to deform artd compress in 
non-shear nrtode. In addition, electric field "E" is in a 

w direction generally perpendicular to poling direction 160 
nrar side walls 180/180 to cause side walls 180/180 to 
deform in shear mode. That is. side walls 180/190 will 
deform into a generally parallelogram shape, rather 
than the compressed shape in which base portion 210 

IS deforms. In this manner, print head body 27 becomes 
longer and thinner in a direction parallel to poling direc- 
tion 160. Once pulse burst 290 ceases, side walls 
180/190 and base portion 210 return to their unde- 
formed positions to await further electrical excitation. 

20 However, it may be appreciated that, due to the inherent 
nature of piezoelectric nmterials. an applied voltage of 
one polarity (that is. either positive or negative polarity, 
"+Vp" or "-Vp", re^ectively) will cause print head body 
27 to bend in a first direction and an applied voltage of 

2s tiie opposite polarity (that is, either positive or negative 
polarity "+Vp" or "-Vp", re^ectively) will cause print 
h^ body 27 to deform in a second direction opposite 
the first direction. It nrmy be appreciate that peak volt- 
age amplitude, either +Vp or -Vp. and periods T^ may 

30 be identical for each pulse 295 (see Rg. 4A). Having 
Rjentical peak voltage amplitude and period T^ is often 
preferred because it simplifies manufacture and assem- 
k)]y of electronics that provide electrical drive signals to 
actuator layer 240. Alternatively, it may be appreciated 

35 that peak voltage amplitude, eitfier -i-Vp or -Vp, and peri- 
ods Ti and T^' may be different for each pulse 295 (see 
Fig. 4B). Having different peak voltage amplitudes and 
p&'iods Ti artd T-i* provides flexibility in producing irtdi- 
vkJual microdroplets (not shown) within a tsurst of ink 

40 droplets 20. Such microdroplets may combine in flight to 
produce a nracrodroplet which is deposits on receiver 
30. Altem£rtively, it nmy be appreciated that peak volt- 
age amplitudes, eith^ Wp or -Vp, may be different for 
each half period T2 and T2 (see Fig. 4C). Having differ- 

45 ent peak voltage amplitudes for each half period T2 pro- 
vides aren more flexibility in compressing and 
expanding first and second skje walls 180/190 of ink 
channels 170. In this manner, actuation forces for com- 
pressing (that is, inwardly moving) and expanding (that 

so is, outwardly movir^) first and second side walls 
ira/190 do not have to be id&itical for each half -period 
T2 and T2'. In addition, it tmy be appreciated that a time 
dday 'AT tmy be inserted between pulses 295, if 
d^red, to spi^Sially s^3arate the microdrc^lets (see 

55 Rg. 4D). As another alternative, the number of puls^ 
295 in each pulse kmrst 290 can be varied, if de^red,so 
that number of microdroplets are varied within each 
burst of ink droplets (see Rg. 4E). In the preferred 
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embodiment of the invention, there are 1 to 16 pulses in 
a single pulse burst 290 to provide a relatively wide 
dynanrtic range in the ejected ink droplet volume with 
relatively high productivfty. Also, a series of "n" micro- 
droplets can be ejected from nozzles print head 25 5 
when driven by a burst of "n" pulses. Such micro-drop- 
lets (not shown) conft)ine into a macro-droplet (that is. 
droplet 20) which in turn is deposited onto receiver 30. 
In the preferred embodiment of the invention, one 
micro-droplet corresponds to a droplet volume of w 
approximately 1 pi. 

[0030] Turning now to Rgs. 5 and 6« first embodiment 
nozzle plate 1 78, which is connected to print head body 
25, includes a plurality of first nozzles 310, each first 
nozzle 310 having a first orifice 320 of a first diameter is 
"di" for ejecting a plurality of ink droplets 20 there- 
through. First nozzles 310 are arranged so as to define 
a first nozzle row 330 (as shown). Each ink droplet 20 
ejected through each first orifice 320 has a first volume 
selected from a first dynamk: range of volumes assod- 20 
ated with each first nozzle 31 0 in first nozzle row 330. In 
addition, nozzle plate 178 includes a plurality of second 
nozzles 340. each second nozzle 340 having a second 
orifice 350 of a second diam^er "d2" for ejecting a plu- 
rality of ink droplets 20 therethrough. Second nozzles 2s 
340 are ranged to define a second nozzle row 360 (as 
shown). Each ink droplet 20 ejected through each sec- 
ond orifice 350 has a second volume selected from a 
second dynamk; range of volumes associated with each 
second nozzle 340 in second nozzle row 360. so 
[0031] Still refenring to Figs. 5 and 6. it has been dis- 
covered that ranges in ink droplet volume is a function of 
the geometry of channel 1 70, number of pulses 295 in a 
pulse t)urst 290. peak voltages +Vp. or -Vp, as well as 
orifice diameter (that is. di or da). It has also been dis- 3S 
covered that rx)zzle orifice diameter pay a crucial role in 
determining ink droplet volume. With respect to nozzle 
orifice diameters, a plurality (lor example, two) of nozzle 
diameters can be used to influence ink droplet volume 
which is ejected from first nozzle row 330 and second 40 
nozzle row 360. According to the invention, first nozzles 
310 oonrv>rising first nozzle row 330 are capable of 
ejecting ink droplets 20 having volumes ranging from 1 
to 16 pi (pico4itres). Also, according to the invention, 
second nozzles 340 comprising second nozzle row 360 4S 
are capable of ejecting ink droplets 20 having volumes 
ranging from 16 pi, 32 pi. 48 pi, and up to 256 pi. There- 
fore, second nozzles 340 possess a larger range of vol- 
umes compared to first nozzles 310. Moreover, each 
pair of immediately adjacent nozzles 310/340 are so 
ranged into pixel group 370. Thus, ink droplet volumes 
that can be ejected by pixel group 370 range from 1 pi to 
256 pi. That is, each first nozzle 310 in pixel group 370 
can eject an ink droplet volume ranging from 1 to 16 pi 
and each second nozzle 340 in pixel group 370 can ss 
eject an ink droplet volume ranging from 16 pi. 32 pi, 48 
pi, and up to 256 pi. 

[0032] Referring to Fig. 7, there is shown a second 



enixxJiment print head 25 and nozzle plate 178. In this 
second embodiment of the invention, first nozzles 310 
are staggered witii respect to second nozzles 340. An 
advantage of ttiis configuration of nozzle plate 178 is 
that staggered nozzles 310/340 can place ink droplets 
in one printing pass at different pixel locations, so that 
ink coalescence on receiver 30 is reduced. 
[0033] Referring to Fig. 8, there is shown a third 
embodiment of the invention conrprising a first print 
head 380a and a second print head 380b disposed par- 
allel to first print head 380a. A first nozzle plate 390a is 
connected to first print head 380a and a second nozzle 
plate 390b is connected to second print head 390b. The 
advantage of tiiis configuration of tiie invention is the 
same as ttie advantages disclosed herein for the previ- 
ously mentioned emtxxJiments of the invention. In addi- 
tion, another advantage associated with this third 
embodiment of tiie invention is enhanced flexibility of 
manufacturing and assemt)iing print heads 380a/380b. 
In tiiis regard, each print head 380a/380b and associ- 
ated nozzle plates 390a/390b are separately manufac- 
tured. These different print heads 380a/380b can then 
be packaged together to form a combined print head. 
IP034] It may be understood from the description 
herein that an advantage of the present invention is that 
first nozzle row 330 and second nozzle row 360 can 
each provides 4 bits of volume variatk>n with respect to 
ink droplet volume. Thus, only the nozzles 310/340 
t>elonging to pixel group 370 are needed to provide 8 
bits of ink volume variation. This is an Improvement over 
tiie prior art which requires a significantiy greater 
number of nozzles to achieve simitar results. 
[0035] It may be further understood from the descrip- 
tion herein that anotiier advantage of the present inven- 
tion is that dynamic range in ink droplet volume within 
each pixel group 370 is significantly larger than what is 
provided by prior art thermal ink jet printers. This result 
allows a single printer to print a single density level at 
180 clk>i or 16 density levels at 1440 dpi. 
[0036] It may be further understood from the descrip- 
tion herein tiiat yet another advantage of the present 
invention is that print head 25 is capable of printing 
images at high speed and low resolution in a single bit 
density variation (that is. halftone images), which is suit- 
atMe for signs viewed from a relatively long distance. 
That is. print head 25 can print signage at 180 dpi in a 
single density level per pixel. Moreover, print head 25 
can also print in multi-fcxt density levels at high resolu- 
tion, which is suitable for viewing photographic quality 
printed images from a relatively short distance. That is. 
print head 25 can print photographic quality images at 
1440 dpi in nrultiple density levels per pixel. 
[0037] It also may be understood from the description 
herein that yet another advantage of the present inven- 
tion is that when a relatively wide density range is 
required, enablement of all ink nozzles 310/340 in a 
pixel group 370 can provide maximum dynamic range in 
ink droplet volume. 
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[0038] The invention has been described in detail with 
particular reference to certain preferred enbodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the scope of the 
invention. For example, pulses 295 are disclosed herein 
as sinusoidal. However, pulses 295 may assume other 
shapes as well, such as squcure, trapezoidal or triangu- 
lar or any other analog waveform. 
[0039] Therefore, what is provided is a printer and 
print head body capable of printing in a plurality of 
dynamic ranges of ink volumes, arKj method of assem- 
bling the printer and print head. 

PARTS UST 
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aalms 

1 . A printer, characterized k>y : 

(a) a print head body (27); 

(b) a first nozzle (310) connected to said print 
head body, said first nozzle having a first noz- 
zle orifice (320) of a first size for ejecting fluid 
therethrough having a first volume selected 
from a first dynamic range of volumes associ- 
ated with said first nozzle; and 

(c) a second nozzle (340) connected to said 
print head body, said second nozzle having a 
second nozzle orifice (350) of a second size 
different from the first size of the first orifice for 
ejecting fluid therethrough having a second vol- 
ume different from the first volume, the secorxl 
volume being selected from a second dynamic 
range of volumes associated with said second 
nozzle, the second dynamic range of volumes 
being sut)stantially different from the first 
dynamic range of volumes. 

2. The printer of daim 1 , further characterized by: 

(a) a plurality of first nozzles; and 

(b) a plureUity of second nozzles 

3. The printer of daim 2, 

(a) wherein scud first nozzles are arranged to 
define a first nozzle row(330); and 

(b) wherein said second nozzles are arranged 
to define a second nozzle row (360) adjacent 
the first nozzle row, such that said first nozzles 
defining the first nozzle row are oo-lineariy 
aligned with respective ones of said second 
nozzles defining the second nozzle row. 
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. The printer of daim 2, 

(a) wherein said first nozzles are arranged to 
define a first nozzle row; and 

(b) wherein said second nozzles are arranged 
to define a second nozzle row adjacent the first 
nozzle row, such that said first nozzles defining 
the first nozzle row are off-set relative to 
respective ones of said second nozzles defin- 
ing the second nozzle row. 

5. A print head body, characterized by: 

(a) a first nozzle having a first nozzle orifice of 
a first size for ejecting fluid therethrough having 
a first volume selected from a first dynamic 
range of volumes associated with said first noz- 
zle; and 

(b) a second nozzle disposed relative to said 
first nozzle, said second nozzle having a sec- 
ond nozzle orifice of a second size differerrt 
from the first size of the first orifice for ejecting 
fluid therethrough having a second volume dif- 
ferent from the first volume, the second volume 
being selected from a second dynamic range of 
volumes substantially different from the first 
dynamic range of volumes. 

6. The print head body of claim 5, further character- 
ized t>y: 

(a) a plurality of first nozzles; and 

(b) a plurality of second nozzles. 

7. The print head body of claim 6. 

(a) wherein said first nozzles are arranged to 
define a first nozzle row; and 

(b) wherein said second nozzles are arranged 
to define a second nozzle row adjacent the first 
nozzle row. so that said first nozzles defining 
the first nozzle row are co-linearly aligned with 
respective ones of said second nozzles defin- 
ing the second nozzle row. 

8. The print head body of claim 6, 

(a) wherein said first nozzles are arranged to 
define a first nozzle row; and 

(b) wherein said second nozzles are ananged 
to define a second nozzle row adjacent the 
second nozzle row, so that said first nozzles 
defining the first nozzle row are off-set relative 
to respective ones of said second nozzles 
defining the second nozzle row. 

9. The print head body of daim 6. wherein said first 
nozzles and said second nozzles are connected to 



respective ones of a plurality of print head bodies. 

ia A meUiod of assembling a printer, characterized by 
the steps of: 

5 

(a) connecting a first nozzle (310) to a print 
head body (27), the first nozzle having a first 
nozzle orifioe (320) of a first size for ejecting 
fluid therethrough having a first volume 

10 selected from a first dynamic range of volumes 

assodated with the first nozzle; and 

(b) connecting a second nozzle (340) to the 
print head body, the second nozzle having a 
second nozzle orifice (350) of a second size 

IS different from the first size of the first orifice for 

ejecting fluid tiierethrough having a second vol- 
ume different from the first volume, the second 
volume being selected from a second dynamic 
range of volumes associated witii said second 

20 nozzle, the second dynamic range of volumes 

being substantially different from the first 
dynamic range of volumes. 

11. The metiiod of claim 10. further characterized by 
25 the steps of: 

(a) connecting a plurality of first nozzles to tiie 
print head body; and 

(b) connecting a plurality of the second nozzles 
30 to the print head body. 

12. The mettiod of daim 11. 

(a) wherein the step of connecting a plurality of 
35 first nozzles to the print head body is character- 
ized by tiie step of arranging the first nozzles to 
define a first nozzle row (330); and 

(b) wherein tiie step of connecting a plurality of 
second nozzles to the print head is character- 

40 Ized by the step of anranging tiie second noz- 

zles to define a second nozzle row (360) 
adjacent the first nozzle row, such that the first 
nozzles defining the first nozzle row are co-lin- 
early aligned with respective ones of the sec- 

45 ond nozzles defining the second nozzle row. 

13. The metiiod of claim 1 1. 



(a) wherein tiie step of connecting a plurality of 
so first nozzles to the print head body is character- 
ized by the step of arranging the first nozzles to 
define a first nozzle row; and 

(b) wherein the step of connecting a plurality of 
second nozzles to the print head body is char- 

55 acterized by the step of arranging tiie second 

nozzles to define a second nozzle row adjacent 
the first nozzle row. such that the first nozzles 
defining the first nozzle row are off-set relative 
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to respective ones of the second nozzles defin- 
ing the second nozzle row. 

14. A method of assembling a print head body, charac- 
terized by the steps of : s 

(a) selecting a first nozzle having a first nozzle 
orifice of a first size for ejecting fluid there- 
through having a first volume selected from a 
first dynamic range of volumes associated with io 
the first nozzle; arxi 

(b) selecting a second nozzle disposed relative 
to the first nozzle, the second nozzle having a 
second nozzle orifice of a second size different 
from the first size of the first orifice for ejecting is 
fluid therethrough having a second volume dif- 
ferent from the first volume, the second volume 
being selected from a second dynamic range of 
volumes sut)stantiaily different from the first 
dynamic range of volumes. 20 

15. The method of daim 14. further characterized by 
the steps of: 

(a) connecting a plurality of first nozzles to the 25 
print head body; and 

(b) connecting a plurality of the second nozzles 
to print head body. 

16. The method of daim 15. 30 

(a) wherein the step of selecting a plurality of 
first rxizzles is characterized by the step of 
arranging the first nozzles to define a first noz- 
zle row; and ss 

(b) wherein the step of selecting a plurality of 
second nozzles is characterized by the step of 
anranging the second nozzles to d^ine a sec- 
ond nozzle row adjacent the first nozzle row. so 
that the first nozzles defining the first nozzle 40 
row are co-tineariy aligned with respective 
ones of the second nozzles defining the sec- 
ond nozzle row. 



ia The method of claim 15. wherein the first nozzles 
and the second nozzles are connected to respec- 
tive ones of a plurality of print head txxiies. 



17. The method of daim 15. 4S 

(a) wherein the step of selecting a plurality of 
first nozzles is characterized tiy the step of 
arranging the first nozzles to define a first noz- 
zle row; and 5o 

(b) wherein the step of selecting a plurality of 
second nozzles characterized by the st^ of 
arranging the second nozzles to define a sec- 
ond nozzle row adjacent tiie secorxJ nozzle 
row, so that the first nozzles defining the first ss 
nozzle row are off-set relative to respective 
ones of the second nozzles defining the sec- 
ond nozzle row. 
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